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Previews
have a number of leucine-rich repeats (LRRs) in theirNot “Molecular Patterns”
ectodomains, and a characteristic Toll/IL-1 receptor/but Molecules resistance (TIR) domain on the cytoplasmic side of the
membrane. The best understood TLR, both in terms
of ligand binding and signal transduction, is the LPS
receptor, TLR4.In this issue of Immunity, Weber et al. show that LBP
In the case of TLR4, it is clear that LPS binding doesis multifunctional: able to sense not only LPS but pepti-
occur, but the events that precede binding are complex.doglycan as well. The study helps to demystify the
The active lipid A moiety of LPS should, under normalphysical interactions that occur between host sensors
circumstances, be hidden within the outer membraneand microbial inducers, and hints at one mechanism
of Gram-negative bacteria. Somehow, it must be shedby which a limited number of receptors may engage
or extracted from the bacterium before it can be ex-a larger number of target molecules.
pected to trigger a response. LPS binding protein (LBP)
is thought to convey the LPS to an intermediate recep-In 1989, the phrase “pathogen-associated molecular
tor, CD14, a glycosylphosphoinositol-anchored proteinpatterns” (PAMPs) entered the immunological lexicon,
on the surface of host mononuclear cells (Schumann etoffered to describe those microbial principles that trig-
al., 1990; Wright et al., 1990). LPS then comes into con-gered an innate immune response (Janeway, 1989).
tact both with TLR4 (Poltorak et al., 2000; Lien et al.,PAMPs were said to act via “pattern recognition recep-
2000; da Silva et al., 2001) and with MD-2 (Akashi et al.,tors” (PRRs), innate immune sensors that could recog-
2001), a small protein tightly associated with the TLR4nize a pattern on a microbe. The problem with the appel-
ectodomain. In no instance has the interaction betweenlation “molecular patterns” has always been that it
LPS and any of these proteins been solved in molecularcontains one word too many. It is molecules of microbial
detail.origin—and not “patterns”—that interact with molecules
Weber and colleagues have opened a new front in theof the host. At that, the identity and exact structure of
search for innate immune interactions by revisiting themany of the microbial inducers, including LPS, lipotei-
binding specificity of LBP. They have made the surpris-
choic acid, dsRNA, and peptidoglycan, have been
ing discovery that LBP, long known for its interaction
known since the 1950s. Hence the term patterns might
with LPS, also binds an entirely different molecule: the
be viewed as atavistic. Why call these molecules pat-
peptidoglycan component of PCW. Moreover, it binds
terns when we know exactly what they are?
LBP and LPS in a competitive manner, and an LBP
The use of the term patterns also suggested that
mutation that prevents LPS binding also impairs PCW
something unusual was at play: something beyond the activation of cells, suggesting that PCW covers or occu-
scope of ordinary receptor:ligand interactions. The idea pies the LPS binding site, and vice versa. There is noth-
was that there must be a precise spatial arrangement ing particularly bizarre about this, since a number of
of binding groups for recognition, or that multivalent receptors bind ligands that are superficially dissimilar.
interactions must be required for high affinity. At least Perhaps this finding bespeaks the need for thrifty use
in the majority of cases, this does not seem to be the of a limited set of germline-encoded receptors. Indeed,
case. LPS, bacterial lipopeptides, and DNA oligonucleo- some of the TLRs (most notably TLR2) seem to recog-
tides, for example, engage their receptors without need nize a large number of ligands with little structural simi-
for high-order multimerization. There is every reason to larity to one another. Weber et al. have provided some
think that most of the innate immune sensors engage insight into how this might be accomplished.
their ligands in a familiar fashion, and do not detect The effect of peptidoglycan recognition is biologically
patterns at all. But to date, high-resolution structural significant, in that mice lacking LBP fail to mount a
data defining the interactions have been few and far normal inflammatory response to intrathecally adminis-
between (one exception is the interaction between the tered pneumococcal cell walls. The study raises two
mannose binding lectin and its ligand, wherein multi- important questions.
meric interactions seem likely on crystallographic First, what are the structural details of the interaction?
grounds [Weis and Drickamer, 1994]). It appears that successively degraded PCW, lacking
Broadly speaking, there are two types of innate im- teichoic acid and then cleaved at glycan or amide bonds,
mune sensor: those that are soluble and those that are have a weaker agonist effect in mice. However, LBP
associated with innate immune cells: either at the sur- retains the capacity to augment this activity, suggesting
face or within the interior. In the latter category, there that even a “floppy” multimer with severed peptide
are those that concentrate microbial molecules for pre- stems or glycanase-derived monomers might produc-
sentation (such as CD14), and those that actually signal tively engage LBP. Monomeric units with both amide
(Figure 1). The principal signaling receptors of the innate and glycan bonds severed were not productively en-
immune system—through which the greater part of host gaged by LBP. A hypothesis is offered to explain how
awareness of infection is processed—were identified the interaction occurs, based on the structure of an LBP
rather recently (Poltorak et al., 1998; Takeuchi et al., homolog, bactericidal permeability increasing factor
1999; Hemmi et al., 2000; Alexopoulou et al., 2001). (BPI). However, the crystal structure of LBP itself has
not yet been determined, with or without any ligand.These are the Toll-like receptors (TLRs), all of which
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Figure 1. Schematic Illustration of Major Innate Immune Sensors and Some of the Microbial Ligands
LPS, lipopolysaccharide; TLR, Toll-like receptor; LBP, LPS binding protein; PG, peptidoglycan; PGRP, peptidoglycan recognition protein;
CRP, C-reactive protein; MBL, mannose binding lectin; MASP, mannose binding lectin associated serine protease; C2, C3, C4, complement
components; fMLP, n-formylleucylmethionylproline; and MDP, muramyldipeptide.
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